The possibility of building all particles from spinless constituents is explored. Composite fermions are formed from bosonic carriers of electric and magnetic charge of a composite abelian gauge field. Internal attributes are accounted for by dimensional reduction from a higher-dimensional spacetime in which the abelian gauge field is replaced by a composite higher-rank antisymmetric tensor field. The problem of building magnetically neutral fermions is considered. 
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INTRODUCTION
The search for a simple way of accounting for the observed particle spectrum and interactions has led to ever more remote constituent and subconstituent models [1] . In order to account for the observed fermions it is usually assumed that some or all of the constituents are themselves fermions, and thus carry half-odd-integer spin. Here we wish to explore the opposite case where none of the constituents carry spin so that all angular momentum is of dynamical origin. Spinless bosons can bind into bosonic states of integer angular momentum. If amongst these components there are gauge bosons, then we have the possibility of nontrivial topological objects that carry magnetic charge. Together with electrically charged objects we then have the ingredients to build spinorial fermions [2, 3] . For such a picture to make even remote phenomenological sense, a considerable "attribute" (i.e., flavor, color, etc) proliferation at the level of the electrically and magnetically charged constituents seems to be required. An elegant way to avoid such a proliferation is provided by higher-dimensional Kaluza-type theories [4] . Yet the idea of building fermions from electric and magnetic charges relies heavily on a 4-dimensional space-time. To extend this idea to higher dimensions we propose to replace the abelian vector gauge field of 4 dimensions by gauge fields of higher (totally antisymmetric) tensorial rank [5] . The corresponding carriers of electric and magnetic charge are then not point particles but extended objects, as we shall see. Since abelian structures are natural in this context, the nonabelian gauge fields of electroweak and strong interactions are to be viewed as composites. Both Bose and Fermi composites being possible, dynamical supersymmetry may also arise.
MAGNETIC CHARGES IN HIGHER DIMENSIONAL SPACES
Consider a Minkowski space M d with one time-and d−1 space-dimensions.
The field strengths are the components of the n+1-form F = dA. It's dual * F is a d − n − 1 form. Introducing the "electric" current n-form J and the "magnetic" current d − n − 2-form K, the field equations are
The n-form J can be restricted to "live" on a (d e + 1)−-dimensional submanifold of M d , provided d e + 1 ≥ n. We shall consider here the "minimal" case d e + 1 = n, and specifically that one of the dimensions of the submanifold is time-like (a proper-time) and d e are space-like. At any proper-time the support of the electric charge is then d e -dimensional. Similarly, the support of magnetic charge has at least
so that both pointlike electric and magnetic charges are possible only in 4-dimensions. In general d e = d m , but in every even dimension there exists an electric-magnetic-dual case in which F and *F are both
. It is this electric-magnetic-dual case that interests us here.
At this point we want to make precise what we mean by an electric or a magnetic field configuration and to find the counterparts of the Coulombelectric and Dirac-magnetic (monopole) potentials. To this effect we first consider a static configuration such that at all times the support of J is the ( d 2 − 1)-hyperplane (our results are obviously generalizable to other Jsupports)
Here it is worthwhile to streamline our notation. The last coordinate x d is designated as time, the metric signature is thus (-...-+). Indices that range from 1 to With this notation the only nonvanishing components of J in our static situation (2) are given by
where Ωd 
with
The nonvanishing field components are all "electric" and of the form
independent of time and of the last
space coordinates, as expected. The equations (3) define a Coulomb-electric field configuration. A Dirac-magnetic configuration with support in the same hyperplane requires a structure of K of the same type as Eq. (3a) for J but with the "electric charge" e replaced by the "magnetic charge" g. For the magnetic field
we require it to be of the same form as the Coulomb field (3d) but with e → g:
We now have to solve these equations for A [a] . As in the familiar 4-dimensional Dirac case, the Bianchi identities force us to introduce a string of singularities starting in each point of the support of K. For convenience we point all these strings along, say, the 3-direction. The proper Ansatz for A [a] is then
Inserting this Ansatz into Eq. (5) we find
with F (ξ) obeying the differential equation
Since |ξ| ≡ | and the function
The solution to Eq. (7) is then
with λ an integration constant that goes with the indefinite integral. The equations (6) determine the Dirac potentials. As an example for d = 4 we obtain the familiar Dirac result with the string along the positive (negative) 3-axis for λ = −1 (λ = +1). From the familiar recursion formula for the indefinite integral in (6e), G(θ) is periodic in θ for d an integer multiple of 4. For d = 2 (mod 4) the indefinite integral in G(θ) contains also a linear term in θ which can be brought to the main determination 0 < θ < π by readjusting the integration constant λ. At this point we have to consider some global problems. As defined above, the support of both electric and magnetic charges for even d > 4 are infinite
-dimensional hyperplanes, which is undesirable. But if the higher dimensions are to be unobservable, then d − 4 space-like dimensions must have compact topology (e.g. a torus). But as we saw, d e + d m = d − 4, so that an electric-magnetic charge pair can always fit into the "extra" compact space-like dimensions.
From the electric and magnetic charges in d dimensions we can construct spinorial fermions. One way to see that, is to replicate the Tamm-Fierz [2] arguments for our spread-out charges. Heuristically, upon dimensional reduction (i.e., compactification of the d − 4 dimensions in which the charges are extended) the d 2 − 1-tensor field contains ordinary 4-dimensional abelian gauge fields. Spinors can then be constructed from Bose electric and magnetic charges in the usual way [2, 3] . But these 4-dimensional spinors must originate in d-dimensional spinors; they cannot come from d-dimensional tensors by dimensional reduction. Both e and g have dimension of (d-dimensional action) 1 2 so that the ensuing d-dimensional Dirac quantization is meaningful.
COMPOSITE PICTURE
The way to use the arguments above to construct composite models is as follows. Suppose one starts with a d-dimensional space-time d = even integer larger than 4. In this space there exist a set of scalar fields for which one can build a composite ( d 2 − 1)-rank antisymmetric tensor field or, alternatively, this field can be "elementary". There can further appear electric and magnetic extended objects ǫ and µ and the corresponding antiobjectsǭ andμ. From ǫµ, ǫμ,ǭµ,ǭμ one can construct spinor composites, from ǫǭ, µμ tensor composites. With suitable dynamics these composites may exhibit a "dynamical" supersymmetry. If d is large this may involve higher rank tensors. A dimensional reduction is precipitated one way or another [4] and in four dimensions we have a proliferation of composites since each spinor and tensor from d dimensions branches into many counterparts in 4 dimensions (just as in extended supergravities). In 4 dimensions the spectrum is very rich, the simplicity is restored in d dimensions. This picture is, of course, very similar to extended supergravity except that the gauged supersymmetry in the original d dimensions is viewed as dynamical, thus allowing higher rank tensors and spin-tensors, or higher spins in 4 dimensions. As it stands, this picture has a serious flaw: all fermions ǫµ, ǫμ,ǭµ,ǭμ contain one unit each of electric and magnetic charge. All fermions of the theory must contain an odd number of these basic fermions and, as such, must carry odd, and therefore non-vanishing, electric and magnetic charges. Even though we have not as yet specified the detailed nature of the abelian gauge field in 4 dimensions whose sources these charges are, this is a serious difficulty.
We want to sketch here one possible way out. Consider (in four-dimensional space-time) a spherical shell of uniformly distributed electric charge. Classically this tends to explode and the Casimir effect is known to have the wrong sign [6] and thus does not stabilize the configuration. It has been noted recently by Agostinho Ferreira, Zimerman and Ruggiero [7] that in a distribution of both electric and magnetic charge along a spherical shell the Casimir effect is stabilizing. Specifically, they consider a spherical shell that is a perfect magnetic conductor at its polar caps, and a perfect electric conductor on the "ring" between these caps: On the ring is uniformly distributed the electric charge while the two polar caps support uniform distributions of magnetic chargeg and −g respectively, so that the whole system is magnetically neutral. Here the Casimir effect is stabilizing. We observe that for this system the angular momentum does not vanish as it would, were the magnetic charges at the two polar caps to have the same sign. By adjusting e andg, we can fix the total angular momentum ath 2 , as would befit a spinor (as a model for the electron such a semiclassical argument requires much too large a size). One may object that each polar cap contributes to the total angular momentum, which violates angular momentum quantization (or equivalently, the Dirac quantization). This can be circumvented by postulating that such "polar caps" can never be isolated, but must always come in like-or opposite-charged pairs, as if they were doublets of a confining SU(2) gauge theory. This is similar to what would happen in discussing usual Dirac quantization were one guaranteed that all magnetically charged particles are composites made of an even number of very closely bound inseparable constituents of equal magnetic charge. Obviously then, the Dirac quantization for "monopoles" would translate into a quantization for the constituents.
The challenge is now to construct a detailed model that implements the ideas presented above.
Following the completion of this work I received a Trieste preprint IC/80/180 from J.C. Pati, A. Salam and J. Strathdee, in which similar ideas are explored in a rather different way.
Note (August 13, 2008):
The results reported in section 2 of this paper have also been obtained independently by R. Nepomechie [8] and by C. Teitelboim [9] .
The paper by Pati, Salam and Strathdee mentioned in the last sentence of the text has since appeared, [10] .
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